
U NLIMIT ED

I 14 P 1214

i-.P-A246 825

AEROSPAGE DIVISIO)N

.FC fE

Technical Memorandum

September 199 1C

Developments in Icing Test Techniques for

Aerospace Applications in the RAE Pyes;tock

Altitude Test Facility

by 0

A. R. Osborn
V. E. W. Garrattl~
R. G. T. CDrage

RAE,' Farnborough, Hampshire

91-19444
1111 11~I~BIUNLIWrTS



0111992CONDITIONS OF RELEASE

MH PAUL A ROBEY

Afln:DT'ICrDAC
Camfwon Station-Bldg 5
Alowandfla
VA 2Mj4 6145
liSA

COPYIGWT (c)
Igoe
CONTIOLLER
IlMSO LONDON

DR; y

nopoula quoled ate not no-esaarily available to mombeus of the public or to commucl
organisallons.



DISCLIKI NOTICI

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFCANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

L 
_ ___ _ _ _ _



UNLIMITED

DEFENCE RESARCH AGENCY

SAerospace Division

Rim Varnborough

Technical Memorandum P 1214

Received for printing 25 September 1991

DEVELOPMENTS IN ICING TEST TECHNIQUES FOR AEROSPACE APPLICATIONS

IN THE RAE PYESTOCK ALTITUDE TEST FACILITY

by

A. R. Osborn

V. E. W. Garratt

R. C. T. Drage

SUMMARY

The altitude test facilities at RAE Pyestock are used in support of clear-

ance of aero-engines, intakes and helicopter rotors to operate under severe

icing conditions. An important aspect of the work is the simulation of the wet

icing cloud in terms of water concentration, mean droplet size and spectrum.

Water spray rakes or booms have been developed for this activity and individual

nozzles calibrated in a purpose built wind tunnel using a laser particle sizer.

Although this paper mainly deals with the development of cloud simulation, it

also includes a short description of the facilities and the capability for

monitoring ice formation and shedding.
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inmvs mt est set." IW "am m ,gt

Pyeuteck. Nants. 0111 OS, laingld

AN13*10 untoedreptots we woodlly prme In the icing

The adtitoa~ test facilities at 31 Pywateck are wood cold inlet air atremi Wetresm of the test vehicle.
in uppet of elearame of "asre-erku. Itowee and
h"l lat rotor to speaac ad"r savers iclng Cntamr saldo. spescify a raspirmen for inlaid

~ime. A Importat aspect of the werk Is the conidtions and the subject of Ice particle roctimn
efoalatiua of the wet Icing tiead In teras of NMte has therefore net attracted the ses dovd, In
concentration. usew isplet size end spectrun. amter effort as the preitlIon of water bopet. it is
asp ran or bar haes Wona doeleped for this thas net given preelnsncse in this pspe.
activity and Iuidiviwal mas catlirted ft a
Ppei huilt wind twiet using a laser Particle two significant prohllin mist In performing rapoesn-
ofier. Although this pape mainly dotse with the tative icing tests, the proa"tImn of a uniform drwp
dodeslenM of sdad sluaeiman. it alo Indlaes a tot diahtrioln wd the measasint of the *oplet
elert desoriptien of the facilities wad the capability spetra. leading to the derivation of the valmes
for moitering ice feamatiam mid mh~lg. median disaeter Cmr).

I tu~m This pap begins bV briefly reviewing the Icing
certification regulaticns. The test facilities at

The safe speration of civil &Wd military aircraft mid P'estock are than describad together with a brief
hellcaptar speratIrg ii weether conditions which can description of the capability for sonitoring Ice
cumnfe hw bitl-W on g auosItales, engine fan, feratlan etd ahodins. Finslly, the devoeloont of
conreeser oid hollepter rate bladee is a prim ester spay raes is diacanWe, with perticultar
aoncern of the air wamrhm ouherities. attention paid to those perters and foataures which
Segultions Ave therafora bar iftroftwed In Eurspe Influeince the apry quality. The seof the
OWd aa s M whih Idetify the teat counditions with calibration facility in sptring thee vaiales and
itach srael vehicles In IIImiead facilities the development of spatil Nomew"ma e"aPOMn for
not espity befere clearance to fly lIa icing that purpos io fully described.
cnidtion fs given. gus facilities am gaurap
specifie, consistent aid repeatable ettitude test 2 IW OF ICINS uiii
Conditions Irresp et of the praveallN wah" MW
thm~sme contribute to a mmaide election In Icing tests at Pyosteck form pert of an oerallI Icing
test tonesend oat. Clesranot far flight In lts- certification prorm spra between the
farming enad time son ale he earried oaut en men- onnufacturer ail oe or owre of the three regulatory
ft ftwm thy beutq r oeseetve And geneic et autorities apw Ia to grant the relevant
vehicles whlch am alm caerihesa to eaviog. op e ndm claence for -sopece vehicles

manfactured &Wor taeted in the Uited Kingdm (BE).
The hepat *eea * ftatidml* betad, ham two These authorities are:-
eltitub "at calls at PONsea which pemit king
tests to he performed at "Itogld eidiir. Theam (a) Th li tniatry of IfeNse PrWeowt
were Primarily Iemt fer wa* asoean tv ant emocative (US0E)) which daeta with ilitary
parfue-- e. evaluation of air breting mdmito and egelpmn javsred by the osprlat lSofence

es .use &At 0 eapality far lefts tIt w Sta.
reasoning id Imwarngai at Igoe dip ata
AlthmO thare hNO heM t"r ~i Of lofe tIt (h) The Unitish Civi Aviation Authority (CAA)
att WV o "map "are demptw of teet tialla niat" at Joit (ourpem Airsrf
t1a!*Ma md eplai ta emt sl a provaen ad d le rata0 () opw me to sarn t sar

elualfiseat ispoo ft raty aircaft IN d praplio~n otmeaid se *Ae old
I go - 760t Asem m a an 40 of emast British Civil Airmeft gooftamse aliah atilt aply

1100 t M saft of"088eae the abttres, *ytonp arisj~lli metified 16 glsse
eieedatfl op *ae dflmd, stad. rAwsm.

s "sn owif easn of a Iftles of p Crak C) th e ep' at Tramepratim of *ae
ster, Wslu -w pots of * alp land sonietty waite Steae of baro 4111 Puedo &AksMU

*iftle "011taim W* an for p lrthes *A i Abiatvetlof alla fte PONr" AOMIMte
e"amf of *ae ofa. ugpetium (ON) mid esaeto # sA= Ofrsais

allih Are appliedto uS "ouateai aerespee
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wha~,4 dich is requIred to operato in ad the Noious Interafitont icing tweiea of shom
Ameica. Open cumaliferm clad, Illustrated in fig 1.

The egulation. which appy to Oll authorities, In goin 1a, thme icing test requireont far the civil
dwid tiat eisere to sprate In Icing carwtfa. aircraft authorities quted ohmwi 1th so
to aeudn n a three-part asesmatt axcepianoe, very close po a wleen mIdt would qwaar

that thee to a gradual cowrgwem towards a cmn
(a) An in- tim theoretical analysis Of t110 policy cworing all aspects of clearance to Operate in
susceptible icing areas on the flight vehicle at tme natural icing conditio..
not severe am siieIC cenditions which MY pIdc
ice accretion mid their affect an the vehicle as a 3 519iP10U OF MM11 Fff=lT

WWI*. The altitide test facilities at Pipstack, pictuired
Mb Full-acole rig tasts at taecritical fron overhead in Fig 2, cnsist of five test cells

cmnd Item. which e provided with air ties a control cureeaar
hom. EidAster-esprar In the building extract

(c) Flight tests peFrem in real Icing the OWMaUt 1011100mad radie the pressure In the test
anviraemnt. chusr to ofimlae the required attitude and else

provide counditined air at the sell inlet. Ohe test
All three regulatory authorities rWar to the sM two article. he It Owre apina or test rig, is nowred In
standard ust icing sizoeomres detailed in We a5 the test sell Iad msuaromnta of pressures,
to a. These ae the Noximao Contiuous icing tonueratures, fuel flew, thrust, et are taken by a
conditions relating to tong tracts of stratiform cloud cmptr-controlled date-gathering an lyIsas

~~ Two of the feir ativo test cells. Cell 3 mid Call I
oMTCA I.W.1.20,o Mooll I,, West are Ohio to cool their Inlet air to the sib-zero

n'c.. tesperaturas required tar Icing. The formr is sed
primarily for military engima and the lttner for
large civil fan engines. For normetIicing toe a
mater spra rake ismo ue in the iWet dobt whidh
injects a cleud of finely atsised wote roplets into

-~ the air atrem. An Installation diagres at auch mu
03 ~arooauinti hn i~w~ nPig 3. lath facilities hew

"In larg test chdws Call 3 iosd disnaer mid Call 3
Vaet. which has a dionter at 7.n, to big enough. to
a ccnedeto a heliseer twelege (ltos reate) as

0 well as the latest civil ten Oines. A esar-ity of
e'cow mnamomm. No" the esre &Vime tasting Is dem in the oemImctedside,

in which sll of the inlet air Is diated Into the front
of the angle. AMWm pitn apecity allow,

SIRAfoORM CLOUDS how~'r it is POeere ft test engines In
conjunction with their intakes in the free jet aide. a
method whichm is alway led to beliesprer rise.

KSR "TITUD RAWG. qo To 67. For this tsrhniw, air is diauharged tree a sdsafc
'SmtowM tEnn 5TM~wO DIVN" ne tte te aW"Oee the test vehicle If" giving a

better rouentatien of the tvee-strmo flow field.

- There ame eitifeW ditfar s - etwen the twe
L~ @ATPS* cells In the way the Inle air is eanditieuid which

affects a thest mwie aid the relteimi
betweon tSe sioulaed aid s Ila grdItie.
In Cel3Wt~airoieiwOifresa sfIda d!
a 3-sto Oe tramfa best mnhor egisod to a

o - ref tiger-asi plant sAfh eo rodatdo BMW eesee
as to -SM. he GOA 3. Wi ft drm fres etnhere

mid dried 6V paigf three al1lies WI bb We 0he
facility a~m u se i. then teed a PONrtfsn af

3 3 a a -the Motiprme ~at to 11M koPhupree
~ esy mm..m ~ine a eam sit VA de. -- M sd. Fa thO

upuees get a ulaim wes of -ST t eod
air in tho. als ish w dy Mir to a shifte
dsest to the te st Iel to prdM ft puso

Fig. I CleIO dwreamIstiee Inlet air to~imegue. Me. Amis the tseIni



Fla. It pAil vuu of tea it fwl

Pie. 3 t"homl uWao Ifsoutatm

Colt 3 Not Ittmatu kv thmut of eirmisotim of *"left. Call 3 Ma e ~n e DoIn this rownet
0. am"le fto betwo bif wM mlr OR" *IS " he th off, to %"*Iell ty W W In~ @N to fth
colt's em pai* meld Ort emtmwmfl fw it per SIreIMae"t emt o stm sojesttu frotm. mli
of 3 to 4 lows, hIstfe "Y~ &10 offe si *N S an. as ane ot~ SI". ho to two I"~

e~ttp. hmoly I"#t ~a folluiU te Wt to""um
* ri of "Wall Otft t mp v~r on

A* fmhe*fumnm heiem h stel t" =$for. f1mee thm, bmw, th" t"
amtimlep s i thea offse a otw"". lumtation em ft Mo"" "a "nI soft~ Iean
imIv. fte emalm kadty of the oft *Ad he peti~nwpti *id ow my ft euillta. N~vy
tImmm U wW IM at lea peot *Amr *A *"tu we Is mtwo weini a "Mitl metled ine 00 p.1st
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prb plaed In the lo velocity ofm rgsire of the
spray rew which provides du pint temetes Iris
which the relative buiidity at the ater spra-V row 1
then maioatly caolsa

Fig 4 shoum a tiiga installation of a spray ratio.
Pew raime smemim ore imttable raing From No

4with 31 tsFor a0.0 adisduct to mtth
310 suazm fou a L44 a die dat. The motor asqly
is d*moeallsead ad Meid in a 15*k at *1st WC OW
Preesursd ts mN 11e1 ON Pd). flu. boe =I.
trottled by efther mdtlQ oeNmelratsd ives Or
variableow pimp.

Pig. 4 Spray rake Installaion Nibest studeisp naules, we sed to poodwce a cloud

The ~ ~ ~ ~ ~ ~~~~~~h oveall Sell V atrSfwe aiu ae 6cmrsn ata mcite swimo saiide be y
Injection rokes isrelaje adke in the test shaer Thi weeAaipww abiseiaicmt of
fascieveby,- fiateretpidefaft oeis; trie awit peeus& li feeln o nte
dowstram f te s " almad ovig o r t a liftd fm coneont:(U$rwfre. Th e igh

temeraur noWfor hen-IOC it boh hghand veocitpry rake sm m sarrtive o the
low--t I sm t .TheIm empratrS nsome etpPSSS. es odiki thfm ste usesb int fine
Vat~~ asi, *cost Impacting on the gridiu setsl fe 5.41

anmism indimuggen ofte Infrty oft the bsp m n ad in th lihdt a ars, xpergsro

freev falitie free4 afalearer tsi&. fe Ithifid fheipu efr In om ulIptia Nofc the
taylomha si 06*a 0sp ofro *e test hlsrt hie no af ofee spmray fores fo~r lag
vhie. I""unsoflweP.mi law @Fa Palms . opuo no hm

ae~ prs ihdfmli tl mee d o .I fOs oa m wthP 121

hih fn FisonMabt1 agit icpig gg sn " enesseth pw~ gts t-04



Teimprovmeuus incorporated wirs follow: &mthaius.this rotion in wator flow could affect7
the selection of the nozzle sixes to provide the

the ir ap ithraq t tothewatr nate Cairatioe Ftetity oSf) menw aosiiem in the a

Iudpet of the cocnricity of tme ltock ing eu. OOR~n ffilcienty, -htIWith a given saminr
air pressure A1 a given water f tow, the we wo

(b) The water nail. use ask of sainless stoat gORatir with the to ouules. faElntiron of old aid
Instead of bras =king the protruing nozzle to" now noiles showed that there were probably tac
vutnwrable to esidoii dwp aid chemical attack factor. contributing to this. Firatly, the dsign of
from the da-ineralimed water. the new air cap chuwmlsed the air a"r than before,

id secondly, the mmhinfiw process an the six blind
cc) The locking~ nat wa changad f ram a round holes had th m up smat ridgs of metal (burrs) at
knurted cylinder to a heptagonsl nuat allowing atier the top of the holes. The comination of t"ise, a
NW macre positive tigtning of the nuits. charnelt and a restriction, meant that for the sow

driving air preasur lea. air wee emerging from the
central Uaust to etolws the amtor jet. C"rative
air f Low esareent an the some nozzle before mid
af ter 'ds-bwringf confirmed this. Similarly opray

sauresmita hOwwad that Oda-barrfig' restored the
atcalsing perforince of the nozzle.

There ma camor that the thaw. to the heptagonal
locking moat, Whmich ma sligtly owre Intrusive In the
tunnil air strees then the rounid locking nt/air cap,
eight af fact the spray characteristics. lowivar,
direct compariaon sadi by testing the sam nozzle
fitted aternately with a aingle piece oaid aid
single piece heptagonal air cap show, little
dfIference o~e a range of wote flow apat from a
tendency for the heptagonal cap to give VUftabout two
aicrona lower. Nomwve, Later investigationa reveeled
that the heptagonal cap *ao had a tow pressure
drop, resulting In a greater samisin@ air flow. Thia
could will have contributed to the MS reduction.

4.2 Wter flew control

The control end accurate wasuorwnt of the water flew
throu the spramy rake as important both for the
reelisetion of the specified LUC end the poction of
correct droplet US. The water floweitera used for
thia purpose are either of the Felten mheet or turbine

Noptprottype id awe calibrated before each Icing installation
locking nut water to Ai cap using a dedicated traeable girwasetric calibration

Fig. 6 Ow three-part spray tile On the MZ neatet spray rake therea is e fuaawental
problem In thaot a pressure heed differeam of up to

Dacmm of these Somtrie o**ge It ma necessery to 2.4 a bktI-e- the top amid betsspray ame cause
coef isoa the bes" sp" wast dr alt aiso ,mqal wter f low If net cerrecte. The current

1011180aall"etle t ha 01 Usaeffected aid a croaw seth of satIton use a "ter pressure contral
catl oin twet prar a teor Wmmdirsn. chero of aoimately 0.8I lir volume psitioned
These -et bua~t to tiht amwooscted differ- en auk a" e. The chimimo Wwtente Is
ewee UIo *A eld e am nozules. mainitained at a cot 6 level by en apticat esnar

oentretling a aetmild valve In the Water Iiet line
Pot eMOV, fit anfamd thN a higher woer pesr to aw he . This si-gMa Iashdamt In Fig?7.
Nmawi an thea now as to litti aiOw geb amwI psithoad sothat do. water level
flew rmt. ad 0* -~ Itus a m a sw imiomA aual estin at s ws belo doe spay e it io
thWAPi the USa l ser NIA*e "%nmoti duaa* us applp . The flew of MWe thresh "A spmay we
miniY dm 208. Sia I gVNIPOW N~ft6 to iseed V, displasig the w~ idrms the dwere
t ifte gatauwia en is, "m g ftA-I~SO bi suling aldsa'n o lowte to p of fte
loea to dINm p " pems" = *.j 40p 1gir daiu , fth rato of -- ter flow th am tho sry
ad ma moatigadb ente wslet. SAt 1u, as beig umitsel ed bi fte irsm of the OWled
wasles. AlIwO S thaf h sie armarasa rsmad nitroen o. A IgU of emurof to Pwinre
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eMoerters, and pnematic MAitipliers enables the central wil bte oak simpler q~re with the earlier
nitrogen pressure to toe eater uhmeam to be design with contral paraeters preset via a comuter.
control led rsotely from the Sngine Test Control moms The floi-pulaatiig water @pray ratee during Icing tests
Witlat very eucceseful. in producing "pal flowa to the will gety sisplify the anlysis of time variant
spray nozzloo, this systan Is "aJect to pulsetions In moter aprey rates. The perforace of eadi PAP ilt
the water suply to the chmers caused by the be manitored en a digital rea-mt and a ber-tps
continual opening and closing of the valves in the display.
feed lines. This5 haa made the fastartonseus on-lne
meaurement of total eater flow difficult resulting in 4.3 Sam calibration facility
everape value of water flew being used.

Ideally. the water droplet diamters Amiud he
aaaaiured in the test Ccle to the test body. in
practice this provee to he estroely difficult as both
the scale of the teeting and the eesl-inthintrial
conditions are not comptible with the aophisticated
type of insument respred. This Instewent has to
be caple of easuring ilions of droplets per

- --second. raning in size free a few to hundeds of
-- microns . At "ack the alternative method of

calibrating the nozzles in a seWrate Spray
Calibration Facility (SCF) has been adopted.

The KF (Fig 8), recently enluincad, comprises en open
I ,circuit wind tuawnsl with a 0.4 am diameter working

section connsected to ethsting machinery capable of
generating air speeds up to 1152 */s (SOO ft/a). Pior

/ to the eadanmmont the twin nozzle spra -Vnt bad baen
inserted into the working section free the side which

- meant that the distance free the noezle to the Laser
ber mae fimed. In the test cell, dependng en tme
test configuration, the engine Inlet is betwe 1.5

-and 4.9 afrom the icing rak. Ineaiderto allow an
@Wfvisnt variation the as~ance SF haa a steel tube
mounted atong its axis which serves both to support
the nozzle erras and contain the services. Tea
representative sarrays can he somavtod an the and of
this Long 'sting' inororat-ing fewr and seven nozzles

rsetively. This sting end nassla(s) comintion is
then inserted at the mouth of the tunnel. (Fig 9)
allowing the samping distance to be varied

Fig. I Spray rake and control system contiuously. The mater mL"is eam fed to sech arm
of the array individually through the Sting.

A nsw Improved method of eater flew centrol that Selection of the modor of ammeozl ie actually
provides controlled continuos flew Is currently sedar opr-VyIng can be eads both by the control of themae
dovel ont. This system will supply mater to ech to eak arm and by bleaing off nozzles.
spray arm by en electrically driven posaitive
displammit pm regulated by a closed loop feedwek
circuit. The speed of each pump is eantrolled by the
output of a differential preassure trumimer measuring
the spray roke arm mater pressure refeenced to the
static dact pressure within the test cell. By
controlling the presoe. at eauh rake arm. contn
Way rem will he savied for spray rehas with

differt numers of spay noazles and varn teat
cell conitions. To provide the correct Inlet
presure conditions at the Inlet Mifold to the sprM
rake PAWg a separt prisfng Parg end pressue.
feetheek eiresait. ref"rs to "stai dot preese
within the teat @ell. Is omepeste In Ite design.
MAudow of this oft systa wfil be the .lafilotai
of eater flew gulSetia onrto led esa~ flew t
a" Way are to caM She M" of oadtimme
sposified In the Icing sesrtifistias remaltfa aid a
raisotios to the ties reqemied to thuq Wy rate
inw awie licng ertIficatIon teat. The matom of is. a 110111OU 11"y iaimim Fuility
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for this. There is also the possibility that th
MM1 tonsl spray my Coal-sinse the lams awe
rapidly leeding to stomes deta-setheing becomee of
mre frequent to leon claiing operations.

Various tenwe con be used with the instrument to
cover different particle site rangs. and working
di stances. The letter is dsfineas that distance
free the lans within misch droplets can be masured
accurately. Experience hasp shee that the beat work-

dthe of volim u th paritic e ritt ie-
Fig. ~ ~ ~ ~ ~ ~ a 5. lozeary i tn o tr Skas mcsa eThiste forn dite acrds

mapts.ihte04atno wdh h oe rpe
A~iz lasert petoefia S.8a bicon Isser InstdiadvntntsI
sted~e th wokin setio wih is bes ireted ractice cs heks areatds vouing an rptsi bln
thremi th drple cld. hisinsrumnt' prnci ltiie Tist csisrat of aen y pti l gls fistono
pie f oaraionis s fllos. Te dffrcte leer ehen beta vttaue to the receivifng tyalloyth
tigh pater fogdb he oplt coedis eteted prtiucle bhsier o zes. A ti0000lyroas dotso

big s phooziod e This enrtd sig isoten ae izes ses epoxtaraomlyo wirthnesz
converted into a ~~~~~~dropletvousscta yppe- des.rcrue rs heefcieU fti

Atowy otsre-aling prsonucdb c ftter trtyical s5 s siiilydtrmndb h etwr
catarotut working secdope itritio sdiete wuntinal specfie todene usfn a meictos. nfh
thougintFigdioples ce The areied tis widci- pRticle. Tsir conssts thi aopticat ithin flthe
acle o pte ion toto ifollorws. e acel ow thich a e atahe ito ihe cceivid twat thersa
tigh idaern formdch t droplet clouwsw d ideteoto d elartric sta tnhi aibout te0chie s t a oer
grble fo lhater arays. Thmsed lsige maing then iesie eositced --on itor.anMa
convte ino-intropile, scame spethus oftl- d~rcrua r.TeefcieW fti
cmueouptsoigadroplet dsrbtois whin a spciie tolerance orfece on-in detaone Ifd the~LWM JWIUT
tem n be gI0 Apr e can tely peitd.hswdly pril fe apt ti OKWMwti h

alfame n whch roplts ar~ctur an pht Teiectroi plotti ofthe echnrope sz da inr
thap! ar toer ansysis.terTh ofpe USsurn wotwi e frsanc stoisng itrpesr o ie

droplet* ~ ~ ~ ~ ~ wte flo aild fe repeatable pell-efies pktndaand 5 TPCLS NE Im ot
ca be cperate knwra Patok- ozl caaceisi

too~~~Fi 30 ) ThedcPlting Oftve F d~opi t tof ot xe

so. showing the practical limits of operation at enpy waefer
flow. At two etroslt~ It Shoe that further

10Increases In stpoising air pressure de not rednae the
"DU sigificently, givin the losw limit at that

01 _j weter flow. On the US exis It shos that at low
1 10 100stoomising sir pressures only east( redctimns in this
PARTICLE SIZE (IJmp) quantity prodoms large Increaes In MS asking it

0.45mm ~ ~ ~ ~ ~ ~ ~ o OZL M.0Sjm ipcticol ito serk in this region. This ers
O..m NOZZr VMo.SP uully tomorde the higher VD velus. depedno enQw-23 11r P.66.k~o the water f low rates. end outidet thet nrmal working

Ataw ef the nezzles. it is else perhaps worthwhille
Fig. is Typical particle aizer display pointing am that en this figure defta fries few

0.6 so nozzles ban been pletted. Thers is little
Te a the asasuraseft of a representative sople a tussle to nozzle variatien givin gp onfildenee In
certain prepartion of the sin laoe boon at bet the uppifesmity of "sle guiee cloed.
scattered on to the dief dettests.; this condition hoe
been stif led io the pat by using owe nesale with a Wile thase sure'are astrumly seful in checking
tunpol air velocity of 4 we. this bass the esietoory of the M Out they are not

lesion dsaeswith teasel air speped bot an asweoniet far use in the 11Ititida1 Icing test
ftaissle sem be seoecn" if eseeY to comateo facilitift. Ineide to achieve theies st Icing
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ATOMISING AIR PRESSUJRE (kPo)

Fig. 11 Atomisiau therafteristics of four 0.41 m spray nazzles

conitions In the test cell the operator -eeds to know signifcit~ channge In the 11, as shamwn In Fig 13.
the atamising air presaure which has to be set to give The reomn for this disency Is unknown and clearly
the required USD at the wator flow, chosen to will be the sihict of further work. Ons possible
correspon to the required LmdC. Curves showing this explanation being considered is that as the original
relationship can be derived by cross-plotting from the 3CrF did not have On ideal intake flare the resulting
'nazzle characteristics' Using aes Of Water flow and turbulence my have distorted the spray plms,
otomising air pressure to pr~s'working curves' as eseially at high turret air sped. This would
sham in Fig 12. cause the laser bees to somle different perts of the

S ph...l, result ing in USO changes. The Improved intake
=1 1Z .,.of the enhanced SEF would, of course, resove this

affect.

20.42020 ~20E A' I0*f

Fig.04 12O spraynozze woring urve

S.2~ Effec of duc ai-u

beivsigte 12 thre nole arskin ces uld

11.2 EffA~ect if actua iing tss.d to dat onl Aste.00 t.wae Yfe o"Mo

previou" wart at n U ih aee larger w ork uing ctio ig. the ect oflI mtiie air spe o preen

the crean t f o dfyn the even nas thravth it couldzing a a o nrshr henmt.I m

sI Ind facility at the som standod dieta,.. be questioned If the droplets have bem aus- ed
Increasing air speeok up to 122 we at ens mater flow end/e reI e air strom temerture by the tim they
en a O.16 m IeSl has, houwevr. not cause any arrive at the target, S they wuld In a natural
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claud. This to Important bacouse marck Donan and boinig In mind that thaaase hambad en dot& githarad
ether have ahm that iee accreion takes different mearty forty yearse usin31g flight imtrntation
VeMn aqndire an the state of the droplets at far eos pracisa thnen madam wq~pm". Perhaps this
impact. Theoretical atudies at P"mtock suguest amud be astended to othear part of the @jabs not
that ahlito a 10 micron droplet coon to thermal previously surveyed.- The test facilities at "ymtog*
eWalbrum In a-50C air trosin nder a atre or coudpaarle inthis mrkby valuating the
so. a 30 ml omen droplet with 2V tie sore smes, miht latest flist-stdmrd fnstnmagnts.
raspre 5 atinee, althom -1it would still be
spercooled within dout a mtr.. S

1 Defeonce Itidrds: 00-970 Vol I
Uitly, from this point of view, the separation Aircraft, Vol 2 Rotoraraft adl 00-971 Engine, 19113

btanthe apr-y rafe and the target foods to be
grater than 5 a to animure fully representative iee 2 Joint Airworthinass Esq~ai--nta: JiM-fl
acretion. aid hm* distancns down to 3 a are probably large aircraft and JAR-E engines, 1906.

acceptable.
3 Dritish Civil Airworthines Requirements:

6 cumin MOARS A 29 rotorcraft (post 17.12.06). MCM-S rotsrcraft
(pro 17.12.186) and Paper 6610 Issue 2 15.9.81

Although a solid data base an the Pyastock spray retorcreft.
nozles has boon achieved them io considerable scope
for further work mainly through extending the 4 Federal Aviation Regulations: Airwor thinass
capaility of thme spray calibration facility and Standards Part 25 transport catm Vr airplanes,
ionrestiating different opray nozzle designs. tart 27 normal cetoryV rotorcraft, Pet 29 truaport

csteMoY rotorcraft and Pert 33 aircraft engines.
The formar UPF maximm air velocity limit of 76 a/*
wa not fully representative of the velocities used in 5 Aircraft ice protection. FAA advisory
the actual icing tests aod, as previosly aentioned, circular AC 20.73 1971.
this parameter my af fect the droplet USD. in the
enance~d SCF the maism velocity has bean increased 6 Contiuous saism and intermittent maximm
to 150 eve enabling sors repesentative calibration atmosphere icing conditions: liquid miter content

cditionm to be ganerated. versusm an effective drop diameter.
MACA I 1855, 1949.

All tithe mosmursmnt#repor tmd here have, bean made wi th
tha opray bar 0.7 a free the laae bees This 7 Continuous maim and Intermittent maxinm
diatanc is oftan excamdmd in icing tests and the stmspimeic icing conditiona: lispid water content
effect of this is not known ad needs to be verm cloud horizontal diCace NACM 2 ?3S 1952.
Investigated using the atine ammted nozzles.
Increased evaporation or coaescance may occr, B Continuus maxim old Iitemittent maim
chmanging thme vie. atmospharic icing conditions. amient temprature

versu. pressure altitude.
To date overall the SCF dota gives reasonable MACA To 2569, 195.
conffIanc in the quality of the simulated cleud In
the altitude test facility. In the range 15 to 40 9 Mwtheannk at at, MA lasa diagnostic
micronse the apecified USD can be preime at ths techniqL* 'For the measurement of droplet and particle
raqmarmd LUC an the bais of consistent and repeatable size distributian. Progress in Astroautics aid
calibration date. The mulae-to-nozzle variation has Asremutica 53 (197?) 421.
bean established s being small, although confirmatory
tests are namdmed, and the dreolat size distribution io 10 Dodge, L.G. and Corwin. W.A., Olapifd
gmnmrally of a good fairm over a wide ra-ge of water particle size amemuroent tecbiem. ACTM STP US8
f lom. It an therefore be maid that the Icing indted by Tishof, lingua and lenmeedy It".
cenditions in the Pymetock altitude test facility mast
the current certificstion regulations. PMoeover, 11 igmm TeMM, Pehaed A Usrhmdpimw, *C a ma
there is moap to cover any probable developaonta in of Light Scattering with ether Tacwbmigm for particle
the regulatiens. size NMmmmiat-. particle Characteriation 2 (19115)

P104-112.
Future work at IN will thum continue to be aimed at
meeting Cumer regirmeonts and atfyig the 12 larch, C J and Bartlett, C S., MtabiLIty
evelving d*ind of the I Ptem fna l regulatory relatinsmip for mteedraptoet caytaitizatian within
amaarities. in this respect a documaw about to be INSA Lewtic oing spray mntizon. AIMA49IU9 3Mt
published by the FAA entted Thbe Aircraft icing Aereepa- Sciences flesting, Nemeds "ft.
Technology flte ~hud stimuate Intalne ieml
efforts toards producing a single aspralmensive et oftfe work hAn boon married ean with the supprt of
of icing reg uirsaa eimod at woriunilde application. Procurmant Smoutive ministry of Sosfo.-
1ntemetisnml offset might amas be apropriate to
wgbt the anieting icing clad sharateristies Copyight* Controller UDe Laen (1"ft)
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